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1. INTRODUCTION

During the summer of 1990, an array of seven 915
MHz lower wopospheric wind profilers was deployed in
cenral California as pant of the San Joaquin Valley Air
Qualiry Study (STVAQS). The array consisted of § profilers
deployed in the southern portion of the San Joaquin Valley (at
Modesto, El Nido, Raisin Ciry, Reedley and Corcoran), with
an approximate horizontal spacing of 50 km (Fig. 1). In
addition, two profilers (Hollister, Carrizo) were deployed in
the higher elevations of California’s coastal mountain range
The profilers were operated in two simultaneous modes: a low
resolution mode, consisting of & 400 m pulse width sampled
every 200 m, and a high resolution 60 m pulse width sampled
every 60 m. These provided winds from a minimum height
of 150 m AGL t0 ~4 kon AGL. Additional details on the
radar wind profilers can be found in Ecklund et al., 1988

During the summer months, flow in the lower
woposphere in southern California is only weakly forced by
transient synoptic features. Insiead, a quasi-stationary
Synoptic regime is present that is strongly influenced by a
climatological surface high pressure over the nonth Pacific.
resulting in large-scale northwest surface winds. Similarly.
ridging over the intermountain and midwest states results in
2 southerly to southwesterly flow at 700 mb. The
predominant flow fearures during these months are
topographically forced responses to this large-scale fiow, and
local circulations resulting from surface diabatic processes.
Principal fearures of the topography in this area (Fig. 1) are
10 the east the Sierra Nevada mountain range, with an average
height of ~3000 m MSL; the San Joaquin Valley, a flat,
northwest-southeast oriented valley, more than 500 km n
length; and 10 the west, the Coast Range, which has an
average height of ~1000 m MSL. Swong channeling of
marine air into the San Joagquin Valley often occurs in the San
Francisco Bay area, where 8 break in the Coast Range exists.

The diumally varying mean flow for the month of
August, 1990 is characterized at each profiler site through 24
h composites of ime-height wind profiles. These composites
reveal several distinct boundary layer fearures, including a
pronounced noctumal low-level jet, a topographically forced
mesoscale vortex, and swong diumal oscillations at each
profiler site. Spectra of the profiler data demonstrate a
frequency dependence consistent with both stratified two-
dimensional mrbulence and with a sarurated graviry-wave
spectrum.

2. ENSEMBLE DIURNAL WINDS

Averaged diurnal time-height cross-sections of the

60

Radiceonde

Fig. | Topographic map of central California, with a contour
snserval of 300 m, starting at 100 m MSL. Principal features are
the Coast Range and Sierra Nevada mountains, between which
Ues the San Joaquin Valley.

profiler winds at Modesto (see Fig. 1) are shown in Fig. 2a
for the month of August, 1990. Notable features are the
dominance of northwesterly winds in the lowest several
kilometers, resulting in parnt from the channeling effect of the
mountain ranges on either side of the San Joaquin Valley.
During the nighttime hours a low-level jet forms with wind
speeds reaching a maximum of 9.3 m s at a height of 350 m
MSL. During the mid-day hours wind speeds in the lowest
20 km reach a minimum, and become more westerly in
direction. This zone of westerly flow tends 1o persist longer
a1 higher elevations, with the northwesterly flow reforming
first near ground level. Throughout the diumal cycle the
winds above the westerlies and northwesterlies back to
southerly in a thin wansition layer. The interface between
these two distinct wind regimes has a very pronounced diumnal
variation, with the low level northwesterlies deepest at
midnight (~3.0 kknm MSL) and shallowest near noon (~1.5 kin
MSL). We interpret the formarion of the mid-day low-level
westerlies and the descent of the interface to the presence of
surface heating on the slopes of the Sierras. This results in a
westerly flow that is drawn towards the Sierras, and
subsequent subsidence over the valley.
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feature (Blumenthal et al., 1985), with limited extent along the
foothills to the northwest and southeast of Reedley. At
Reedley we also note that the interface between northerly and
southerly flow only descends to ~2.0 km MSL at noon (as at
Corcoran), and that the low-level noctumal jet remains strong,
with 2 maximum speed of 9.2 m s at 22 PDT. The westerly
daytime flow present at the other profiler locations is weaker
at Reedley, even though it is closer 10 the Sierra foothills.

Wind data from Hollister (Fig. 52), which was located
outside the San Joaquin Valley to the west of the crest of the
Coast Range, show the same general features as the stations
along the valley center. However, the daytime flow tends to
be more westerly than at stations within the San Joaquin
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Valley. Persistence values within the low-level noctumal jet
a1 Hollister show remarkably high values of greater than 95%
(Fig. 5b). Surface observations taken at Hollister show a
stong decoupling with the flow aloft, with the surface winds
being southwesterly during the night and southeasterly during
the day. while the profiler winds at 500 m MSL always have
a northerly component.

3 TEMPERATURE PROFILES

Thermodynamic profiles were obtained on several days
in late August at the Raisin City profiler site. Fig. 6 shows
a sequence of 5 temperature profiles taken at approximately
one hour intervals during the moming and early afternoon of
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4. SUMMARY

Wind profiler data have been analyzed for the month
of August, 1990, at 7 sites in central Califomnia. These data
indicate that a nocrumal northwesterly low-level jet is an
ubiquitous feature throughout the region, reaching maximum
speeds of ~10 m s at a height of ~500 m near midnight.
Winds within the jet show very little variability, with
persistence values higher than 95%. In the daytime convective
boundary layer winds are weaker and more westerly, flowing
towards the heated slopes of the Sierra Nevadas, and show
greater variability. Above, the winds back to southerly flow
in a very narrow transition zone that is associated with only
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a weak change in thermal stratification. The height of the
transition zone has a swong diumal variation, reaching a
maximum height of ~3.0 km at midnight, and & minimum
height of ~1.5 kon at mid-day. This cycle may possibly be
atributed 1o the effect of large-scale convergence and
divergence occurring across Califomia resulting from
thermally driven onshore (upslope) and offshore (downslope)
flows interacting with ambient northwesterly flow. The
profiler dara also show the frequent development of a
mesoscale vortex along the east side of the San Joaquin
Valley. Spectra of the profiler winds show a strong diurnal
peak, a -2/3 slope consistent with stratified two-dimensional
turbulence and saturated gravity-waves, and an increase in
energy at high frequencies possibly due to the effects of fully
three-dimensional turbulence.
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1. Introduction

Over the past decade numerous air quality research field
programs have made use of upper-air sounding systems
including Doppler sodars, radar and optically wracked balloons,
and tethered-balloon systems. Unfortunately, Doppler sodars
have limited range, usually about 500 m, and provide only a
qualitative picture of the stability structure in the boundary
layer. Free sondes provide snapshots of wind, stability, and
humidity but are limited by cost and their labor-intensive
operation. Tethered-balloon systems have been extensively
used in shon-term field programs but are Jabor intensive, often
restricted in their usefulness in urban areas by stringent rules
necessary for aircraft safety, and unable to operate in wn_xds
greater than 10 ms”.  On the other hand, new remote sensing
technology such as radar wind profilers thai operate in the 400
MH2z range and infrared Doppler lidar systems, useful as they
are for research programs, are limited by their cost for widescale
deployment. Inaddition, lower frequency wind profilers cannot
profile closer to the surface than 300 10 400 m. Formnately,
however, Ecklund et al. (1988, 1990) have developed a new
low-cost 915 MHz wind profiler designed to continuously
profile the lower atmosphere with high resolution. In addition,
it has opened up the possibility for simultancous wind and
temperature profiles in the lowest kilometer, a region of great
importance 1o air quality monitoring and research.

During 1990 the Wave Propagation Laboratory (WPL) and
Aeronomy Laboratory (AL) of the National Oceanic and
Atmospheric Administration joined in the evaluation of the
performance of the new 915 MHz profiler in four major air
quality studies. Each of the studies represented a vasdy dif-
ferent operating environment for the profilers, ranging from
wintertime operations in the Grand Canyon of the Colorado
(three profilers), 10 the summertime Pacific coast marine
environment (seven profilers), to the humid southeast (one
profiler), and finally to the wintertime Colorado Front Range
(six profilers).

The profilers used in these studies were copies of the pro-
totype described by Ecklund et al. (1988) but used more rugged
construction techniques and computer system for remote,
unattended sites. This PC-based radar system was typically
installed in a few hours by a two-person crew. Three fixed
pointing microstrip antennas were used: a vertical mode with
2 2m® (1x2 m) antenna and two oblique 3 m? (1x3 m) antennas
inclined 15° from the horizontal. Hourly averaged winds were
produced using two sounding modes, a short-pulse (60-100 m),
short-range (1-2 km) mode and a long-pulse (200400 m),
long-range mode (2-4 km). In the course of the 1990 experi-
ments a number of improvements were made to the system
including greater transmirned power, the addition of clunter

screens, real-time display of wind speed and direction,
telephone-line transmission to a central data hub, and the
capability to measure winds beginning 100 m from the surface.
Figure 1 shows a typical installation with radar, monostatic
sodar, and meteorological tower (near Hollister, California).

2. Demonstration Experiments
Grand Canyon Visibility Study

In the first extensive deployment, three systems were used
to study circulation pantemns affecting visibility in the Grand
Canyon during January, February, and March 1990. One wind
profiler operated near Page, Arizona, to characterize transpon
from the Navajo Generating Station; one, southwest of Page in
the vicinity of the Painted Desert; and, a third, in the bottom of
the Grand Canyon at Phantom Ranch. All three systems
operated throughout the study period with a very low failure
rate; maximum altitudes for wind measurements varied from 1
km under dry, very stable conditions to 4 km in situations of
moist advection from the southwest. Optically tracked balloon
soundings from Page and tethered-balloon soundings from
Phantom Ranch provided comparison data for profiler evalu-
ation (Wolfe et al., 19591). In general, data from Page compared
well whereas profiler data within the Grand Canyon were
occasionally contaminated by scattering from terrain.

Rural Ozone in the Southern Environment (ROSE I)

In a study in rural Alabama during June and July 1990, a
single 915 MHz profiler and minisodar were collocated with a
comprehensive air chemistry program designed by NOAA's
Aecronomy Laboratory to study the role of biogenic emissions
in rural ozone formation. The profiler was operated in a
single-axis mode following damage from & nearby lighming
strike early in the experiment; however, this operation did
produce a unique and nearly continuous time series (1-min
averages) of vertical velocities and radar reflectivity from
which the evolution of the atnospheric boundary layer will be
studied (White et al., 1991).

San Joaguin Valley Studies

Short-term observations taken in the San Joaquin Valley
over the last decade have suggested a number of complex
meteorological phenomena including low-level jets, mesoscale
horizontal eddies, mountain-plain circulations, as well as a
strong diurnal cycle of coupling and decoupling of atmospheric
layers within the first one or two kilometers of the atmosphere
above the valley (e.g. Blumenthal et al., 1985). In order 1o study
these circulations in detail and understand and model their
impact on pollutant transport and transformation, the San



Figure 1. Typical 915-MHz radar wind profiler located at the
Hollister California airpont. This system was collocated with
a monostatic sodar (left) and a surface weather station (right).

Joaquin Valley Air Quality Study (STVAQS) and the Atmo-
spheric Utilities Signatures, Predictions, and EXperiments
(AUSPEX) field programs provided for one of the most
extensive deployments of the 915 MHz wind profilers to date.
In these studies, seven profilers were deployed during July and
August 1990 (Fig. 2): two to observe marine air penetration
over the coastal mountains (Hollister and Carrizo Plains); four
along the axis of the valley to observe the southward transport
of air masses originating in the San Francisco Bay area (Mo-
desto, El Nido, Raisin City, and Corcoran); and one on the
northeastern side of the valley near the foothills of the Sierra
Nevada to observe the formation of a region of recirculation
called the Fresno Eddy (Reedley). A sonic anemometer was
collocated a1 the Raisin City radar site to measure surface heat
and momentum fluxes together with a high-resolution mono-
static sodar to observe shallow mixing Jayers and the initial
growth of the convective boundary layer. Because analyses
from the Grand Canyon study indicated some contamination
from ground clutter, cluner screens (seen in Fig. 1) were
designed and deployed at all the profiler sites in this study and
proved to be highly effective (Russell and Jordan, 1991).

Front Range Air Quality Studies

Six profilers are currently being deployed along the Col-
orado Front Range to provide meteorological input for a
detailed mode) validation study [for the U.S. Department of
Energy (DOE) Rocky Flats facility], to study large-scale
drainage winds {for the DOE Armospheric Studies in Complex
Terrain (ASCOT) program], and to provide a better under-
standing of the ammospheric circulations responsible for the
Denver brown cloud. The profilers in this experiment are being
deployed at a variety of sites including one near the Continental
Divide; one, near the Rocky Flats facility; two, southwest and
northeast of Denver along the South Plarte River; and rwo, on
a north-south line east of Denver. Two of the profilers will be
equipped with Radio Acoustic Sounding Systems (RASS) to
provide continuous temperarure measurements. Severe envi-
ronmental conditions are expected at a number of these sites
including soong downslope winds, extreme cold, and heavy
upslope snowfall.

i

| @915 MHz Wind Profiler
i % Monostatic Sodar

i O Energy Budget site

| A Tethered-balioon site

Figure 2. Location of 915-MHz wind profilers in the San Joa-
quin Valley and coastal areas during July and August 1990.
Terrain contour interval is 250 m.

3. Observations During the SJVAQS/AUSPEX
Study -- Examples

The Low-Level Jet

During typical summertime conditions in the San Joaquin
valley, a northwesterly low-level wind has been observed along
the axis of the valley. Figure 3 shows a high-resolution (58 m
pulse width) wind profiling radar view of this flow on 12 August
1990 at El Nido, a mid-valley site. By 2300 PDT, 12 August
1990, the wind speed maximum has reached 7.5 ms™ at 400 m
in this figure. Evident also is the diumnal variation in depth of
the strong scattering layer: because of the low average scattered
power associated with the 58 m pulse-length mode, its ability
10 remieve boundary layer winds is sensitive to boundary layer
refractive index gradients, particularly those arising from water
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Figure 3. 58-m resolution profiler winds at El Nido, Califonria
on 12 August 1990.



Nevada. During the five-day period
, the eddy became progressively

The diumnal pattern of winds associated with the Fresno
Eddy can also be seen in the profiler winds measured at Reedley
These winds, reaching over a ldlometer in depth, run

during 12 and 13 August 1990 (Fig. 5). These observations
reveal a southeasterly wind developing afier midnight each

weaker. On the moming of 15 August, northwesterly winds
prevailed throughout the region and no eddy developed. Asthe

The Fresno Eddy
parallel to the Siem
beginning on 12 August

night.

Pacific Ocean

through San Francisco, the pattern of scanering in the figure is
f this diurnal

San Joaquin Valley through
anemn as the nonthwesterly winds begin in late afternoon,

hours, and decrease in the early

rly 10 southwesterly winds overlie

vapor variations. Because the low-level jet may be associated

consistent with the nighttime arrival of moist air, to which the
radar is more sensitive. This can also be seen in the wind

panerns from 406 m pulse length data on 12 and 13 August

El Nido. This figure also indicates regularity o

P

with the inflow of moist marine air from the

the northwesterly inflow into the

1990 (Fig. 4) where southe:
increase duning the midnight

morning.
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Figure 6. Wind profiler data from Holister, California on 4 and § August 1990.

analysis of these data proceeds, use will be made of a large
vanery of supporting data including surface pressure gradient
measurements, Doppler sodar winds obtained at the base of the
foothills of the Sierra Nevada, and tethered-balloon soundings
taken in the King's River airshed, a 3500 km? drainage area cast
of Fresno, California.

Coastal Circulations

A 915 MHz wind profiler at Hollister, California provided
ameasurement of winds between the Pacific Ocean and the 500
m 10 1000 m high coastal mountains. Observations on 4 and §
August 1990 (Fig. 6) reveal the afternoon westerly to north-
westerly seabreeze underlying persistent upper level southerly
winds. These winds begin around noon and end about midnight.
There 1s an indication during the night of 4-5 August that winds
a1 [000 m ASL rotate inertially as the seabreeze diminishes
after midnight. Low-level winds from the south in the early
mos?:ndg peniod may reflectdrainage along the San Benito River
arshed.

4. Summary

Ponable 915 MHz radar wind profilers have now demon-
strated their effectiveness in a broad range of experiments
focused on mesoscale air qualiry problems. They have obtained
high-resolution data starting at 100 m AGL within the boundary
layer as well as providing coarser resolution wind profiles to
heights of 3 to 4 km. They have shown their ability to operate
unartended for prolonged periods. A number of improvements
are planned in upcoming experiments including the addition of
temperature profiling (RASS) and increased antenna size and
transminted power.
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MEMORANDUM FOR: Exacutive Secrutery, IRAC

FROM; Richard D. mwM‘/V-

Associt's Administrator
Offizs of Bpentrum Mmugmm

SUBJECT: " Acesmenodation of Wind Profier Redam

~ Wind profiler radamn are designed o pravide wind spesd and direction as a functisn of
altitude. Thay can serve as an adiunct {0 a vitety of funetions Ingluding weather predietien, alr
pelivtion research And severe weathar warnings. Although wind profiers can operaie cver &
wide range of frequancies, many ef the more uritical appliestions raquire fraguenciss in th 200- f
800 MHz range. it s axpacted that both Govimment snd non.Government entities will use this
technology.

To dats, the majority of wind profiler redars has been authorized to cpeste on an
axperimental basls o the frequericy 404.37 MHz. Sinea these radar peint vertictlly, & number
of both nationa! and intermational groups hay expressed sancems about potontal interfurence
10 the COSMAS/SARSAT sateliite uplink fragueney in the band 4084084 MHz, Sevars! ciesign
and opemtional ankancaments Rave been empleyed to address thia concern, ineluding a fasture
to automatically inhibit wind proflir trangmissiors during sn everhaad pass of the COSPAS
and/or BARSAT system. ' Nonethelass, i tre U.3. thers have besn several teported cases of
interfarunce resulting from wind prefiem using this feature. Thersfors, the protection of & vital
safety-of-ilfa service would be plicad ot rik it develapmaent wers to continue at 404.97 MH2.

NTIA stwdied three candiciate bards 218-226 MHz, 40018408 MHZ, and 42)-450 MHz)
to help detarming white in the 300-800 MiH2 fréquency tange the wind profiier opemtions eould
be accomtiodated, The raauits of this study IRAC Doo. $8088/1, Indicate that thars Is ne single
frequency curtently kvaiiable on u primary bisls to beth Governimient and non-Bovemmert users
snd, 4 & resull, additiona! spectrum eharing with eurent users of the bands and & chinge 1o
the exiating Natlonal Table of rmquonw Alliycations are required.

The study of the 210-228 MMz bund eonciudad the frequency 210 MMz (with an
. authorized bandwidth less than or equs! to 2 MHz2) could sccommodate wind prefiler rudars In
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eome geographic locatians, subjest te sucesasiul eoordination with suthotized users of the band
and consiceration of adjacent TV brosdoart nperations.

The NTIA study concluded that the 40015-408 MH2 bahd for leng-tarm wind proflier
operationa Is not sultable, sinee it would posa an unacceptable risk of intarferenios to the natety
of-tte COSPRAS/SARSAT satailite system. Bucause of this tveat, the study regommendud that
axisting sssignmants of wind profiiur rasam |y the 400.18-408 MHz band shouid be phased out.

The NTIA study conoluded that the miaet sultable band for permanent asssmmedation
of wind profiiat radars netionwide is 440-480 MHz2 end identified two eandidate frequencius (441

MHZ and 449 MMz for wind profiir operatians), e4ch bf which kas certain adventagos and
dlsadvantyges. '

Currently, the 448480 MHz Yegueriay band Is one-third of the only band Belew 1000 M2
(.0.. 420480 MH2) ailocated on a primary busis to the Governmert military redicioestion sarvies.
1 Is used for & rumbet of major military laAt-bassd, Shipbomas, snd Rirboms systems ciftieal to
the national defense, These systumns perfurm funetions sueh as the early waming of baniste '/
migslie aftack on the Unitad State and kin) fange search and track of potential hostils airersh.
The band 19 siso aliocated on & sasendary basis 1o the amateur sevice. To aooommodats
Qovarnmant non.miitary wind profiler Usats; 4 change to the National Teble of Frquency
Allocgtions would b necessary.

Subsequent {o the completion cf the NTIA study, measurements were conductsd to
determing the impact of varigus wivetorma te the wind profier from reprasentativi redan
operating In the 420-450 MHz band. The resuils of the iessuremants indisated that iew duty
oycle racar eignals praduced no appsrent degradation to wind profiief perfermance.

Of the three candidate bands stuciied, them i no agrasment ameng the sguncies In
selecting a fraqueney for Governmant wing profiias cperations. For example, the DOD agencias
oppoae considering the 420-440 MH2 band sinze 1t is the only 30 Mz of eentigudus tipeetrum
beicw 1 GHz that can be usad for heturs radiolocation epsrations. The Cosst Quard opposes
the uie of the 40048408 M1 band fof wind peefiiur operstiont because R may causn harmiul
interioterica to the safety-of-d COSPAL/SARBAY systam, Por the 218-228 MH2 band, some
sgenciad have suggetted the bund b4 gliven more fevoralie sonsideration fer long term wind
profile! operations. However, one DOD agency oppdass considering this band tines selecting
the frequency 218 MHz hae & probabillty of interferense to one 6f the major DOD systerms that
currently operates In this band, Furthetimure, to grant the requiremant of primary status for wind
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profiler operstions in this band wauld be dl«lcun dus to RREZT which statas that no v
radiolocstion stations mey be authorized aftar Jnnuw 1, 1980.

Based on the information avalisbis, NTIA concludes that the frequency 448 Mz (with an

authorized bandwidth less than or squal to 4 MH2) sppears to be the most sultabla for wind
profiier operations.

Accandingty,

1. NTIA will neither autherizs additions’ Qovernment wind profier radars ner soncut to

freguency astignments for new non-Giovernment wind profRer medar that aparate in the
40018-408 MHz band.

2. NTAwil revoks all existing Clovernmient wind profiler assighments in the 40018408 MHx

bend on September C, 1913, Exapuont to this termination will be éonsidered on &
case-by-0ate basii.

[ ]
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3. NTIA wifl sutherize Governmant winel profiler operations en the frequency 49 MMz, A

footnote {o accomplish thix la as followe:

@O0 « Govemment wind profile radurs may be autherized to operate on
& primary basis in the radialoewiicn service on {he fraquency 448 MHz (with
an authorized bandwidih lees than or equal {0 & Mhiz} subjeet to tie
follawing conditions:-1) wind profiier lecations must be pre-odordinatad with
the military sorvices to protoe. hed mitiary raders, 2) wind profiler
opsmtions witl recehs no protuction from mitary moblle mdiviosation
stations, and 3) wing profiier siatiors will provide protection to mifitery
mobile redilocation stntions thid are engaged in eritioal national deferse
opsrations, , ‘

8.  KIAwWEimplement onu-tmén stanid ards fot Government wind profiier radan operating on

the frequency 448 MH2. These slandsids should be dmlapod by the T8C with an
sftective dtto of Jnnwy {, 1094

S. In addmn. oub}oet 10 succeash)l eeoniingtion within the Preguenty Asnignmaent
Subcommiites (FAS), Govomment wind profi er racdurs can operate on & nendatirersnee

basis gn the frequeney 219 Mbiz (with gn euthorized bandwidth less than or ocml o2
MH2),
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October 22, 1551 R/E/WP

MEMORANDUM FOR: Richardé Barth
Director, Radio Frequency Managenment Office

FROM: S. F. Clifford‘6¢7/ 64”
Director, Wave Propagatidn Labcratory
SUBJECT: Request for Systems Review for Stage 3
Assignment

Based on your guidance, I have attached a systems review reguest
for the domestic-wide government use of a Stage 3 frequency
assignment at 915 MHz for the UEF wind profiler. During
extensive nationwide use of fixed and pertable wind Profilers
cprerating at 915 MHz over the past ten yezrs there has not been a
single observed or reported i cident of harmful interference. :
Clearly, assignment compatibility has been demonstrated with all
other users.

With enhanced system development underway, appreval of this
recuest in three to six months wculd be appropriate. When
approved the Stage 3 assignment will be for Mr. James R. Jordan
acting as my agent for the Wave Propagation Laboratory. Mr.
Jordan now heclds a donestic-wide Stage 2 frequency assignment at
915 MHz for government use with WPL wind and temperature
prefilers.

If there are any gquestions about this request I may be reached on
FTS 320-6291. Thank you for your assistance with this reguest.

Attachments: Request for Systems Review for Stage 3
Frequency Assignment

cc

R/E/WF7 - W. Neff o

R/E/WP7 = J. Jordan {3+

R/E/WP7 - D. Fritz P, G -
R/El = B. Trotter oot S - L ONNE

R/El - T. Maraia
~» Radian - R. Petersen




REQUEST FOR IRAC/SPECTRUM PLANNING SUBCOMMITTEE REVIEW
for Stage 3 Frequency Assignment for
Telecommunication Systems Intended to Provide
Radiolocation Service for
Wind and Temperature Profiling in the 890-942 MHz band
for the Federal Government

INTRODUCTION:

The Federal Government initiated & wind Profiler radar program in
1981 to experiment with and perfect lower atmosphere wind N

profiling. The initial freguency request for one of three
frecuency domains for anticipated weather-related wind Profiler

research was in the UHF range at 890-942 MHz. The frequency
range assigned in response to & Stage 2 reguest was at 915 MHz in
the ISM band. '

Extensive research experience with both fixed and many portable
915 MHz wind Profilers, along with more recent temperature
profiling, deriving temperature Irom the velocity of an acoustic
signal, now warrants assignment oI spectrum support at Stage 3
for developmental testing of propcsed operational hardware and

potential equipment configurations.

Temperature profiling critical to meteorological applications in
the lower atmosphere using a Radioc Acoustic Sounding System
(RASS) has a greater height range 1 the wind Profiler operates
at frequencies lower than 400 MHz. However, for the purpose of
this Stage 3 reguest, which will uvltimately lead to a Stage 4
request for government operational wind and temperature
profiling, frequency assignment at 915 MHz is proposed. The
unique, upwards propagation pattern of the UHF wind Profiler
warrants this accomodation with present government and non-
government allocations to other ground-based users.

BASIS FOR REQUEST:
On July 17, 1979 the IRAC/SPS approved the experimental wind



Profiler radar operations (Stage 2) in the ISM band 902 to 928
MHz in or near Denver, Colorado. 1Initial on-air transmissions of

the 915 MHz wind Profiler constructed at Stapleton International
Airport occurred in July 1981. This wind Profiler has been
operating essentially continously since then,

During the late 1980's research was conducted on portable wind
Profilers. Extensive experience has been gained with these
systems operating singly as well as in networks, throughout the

continental U.S. land mass, with the exception of the far
northwest region of the country. Attachment 1 details the
locations where these portable systems have operated.

Throughout this extensive field observational program, and
1nclud1ng the fixed Profiler site at Denver's Stapleton Airport
operating with ten times the transmitted power as the portable
915 MHz wind Profiler systems, there has not been a single
observed or reported incident of harmful interference.

Beginning in 1987 experimental work was undertaken to explore the
usefulness of the wind Profiler in conjunction with an
independent, vertically propagating acoustic source (RASS), to
profile lower atmosphere temperature. This work has been
successful and high resolution temperature profiles can be
regularly obtained up to heights of 1-1.5 km with the first
temperature measured as low as 90m above the ground using the 915

MHz wind Profiler.

On December 29, 1989 a domestic wide allocation for portable wind
Profiler systems was granted to NOAA's Wave Propagation
Laboratory. Since then a growing observational demand has been
serviced by networks of wind Profilers to observe lower
atmosphere wind fields for air quality purposes, including visual
obscuration source problems such as in the Grand Canyon (see

attachment).

A presently untapped appl;catlon of UHF wind Profilers is in
support of public safety in the airport environment. Aircraft
operations for commercial and heavy general aviation are at risk
relative to wind shear and turbulence. Networks of wind and
temperature Profilers could provide local forecasters with high
resclution, frequent observations of wind and temperature which
would greatly improve nowcasting for meteorologlcal conditions
conducive to dangerous wind phenomena in the airport environment.



Revised 5/89

10-13

Agoney Na.
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Nomenciarure: \fode! Neo.
Boundary Layer Profiler
Transmitter

le. Manuiscrurer s Name

Svsiem Nomunclarure

3. Transacter Type

pulsed Doppler

. Tuning Range

5. Mewoa of Tuning

Rnone

915 MHz fixed
6. AF Channcliag Capabulity 7. quu?\o;a;;;\-
8. Emnsen Deugnaunis) s. Emr..o.nrgn.fath ns pulse
6MOOPON [ caiculared Neasured
10. Filter empioyed: ~3dB 9., 4 ME 2
DL-- Pass -2 dB 40 mz
Cnigh Pess «~40 dB 200 MHZ
Dlwd Pass &0 4B N/A

Occupied Bandwideh

DOD)

. Mazimum Bit Rate

12. Maszimum Meduiauon Frequescy

. Pre Emprasis

B

14. Deviauon Rsuo

T Yes
15. Power 16. Puise Charactensucs
(a) Carner o) rate _40,000 ta 10,000
(b) Nean » v.an_400-2800 ns
(e) Peax Enveiope_ 200 watts (e) nseume__50 D8
17, Oumpus Device @ Fuiuse 50 ns
solid state (s) Compression Rave 10
8. Spunous Leves 9. Hamon.c Level
< =30 db @ me__—20 db
0. FCC Type Acceprance No. » < =30 &b
te) omer___NIONE
iR

¥.""Zmission measured for 700 ns pulse width,

16. &) Inter-pulse period is defectable from 25 ns
up in 5 ns increments but 25,50, and 100 microseconds

are commonly used.
b) One of four pulse widths is selectable. Current

available pulse widths are 400, 700, 1400, and 2800 n
e) Pulse compression is not currently used, but is

planned for future implementation.
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RECEIVER EQUIPMENT CHARACTERISTICS

1. Nomencisture Nodel Numoer le. Maauiacturer's Name

Boundary lLayer Profiler
Receiver

2. Svsiem Nomesciature 3. Recerver Type

Heterodyne
. Tuning Raage s. umy
fremine 915 MHz “t1zed"
6. RF Channeirag Capability 7. Fq.nq Stabiluy
" 915 MHz - 10 2p
8 Emiuon Desgnaioris) 9. RF Seiectivuy
6MOOPON é Caleslared T Yeaswwi
10. IF Selectinty . (a)~3dB 33 HHZ
®) ~204B 27 MHz (c)~6048 16 MHz
(c) ~60 4B 42 FHz () Type of preseiectson ssed
none

12, Maximus Pos: Detection Frequescy
2.5 x Mz

t4. Misimua Post Detectiop Frequescy

1. Mazimum Byt Rate N/A

13. De—erprasis. Avarisble

" Yes —No
15, iF Frequency N 16. Semsitivity
60 IHz -140 &3
o e dBm
1.
Osciiiator Tuned ) Critena -1 5 db SNR
Above tuned (requency
Below tuned {requency ﬁ
1 Nense Temzerature \owse bigure
Either above or below 2
a— Nebvin B

tuned {requency

& Spuricus Rejertion 19. image Reyec::oe

45 db 4% db

20. Remarks

12, FPost detection bandwidth is selectable for
four pulse widths. The maximum post detection
freguency is determined by the matched filter
for the 400 ns pulse width.
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ANTENNA EQUIPMENT CHARACTERISTICS

1. Nemewrisare Nodei Nuaber 1o, Wunuiatiunt « Namw
Boundary Layer Profiler
Antenna
2 Symre Nomenclawe 3 Twemicro strip phased array
1 X 3 meters
F S Polans
tfmemotee 40 MHz “Yertical
& Gamn 7. Scas Charscrenisuice
ymes pese 26 dD @i _TiXed pointing angles
() Sude Labe 13 @ 15° 0) Verical Scan
(1) Mesx. Elov.
) Nun Llev,
8. Besnwrith (3) Scas Rote
o
(a) Hona ) _.go {c) Heisoma! Scan
6 o/
() Verucal (1) Secter Sconand
(2) Scon raee
?. Remanss

3. Three separate antennas are used for wind
profiling., Two antennas peointing 15 degrees from
the vertical aimed in orthogonal azimuths and one
pointing vertically. Antennas are built from

1 meter square panels into various configurations.
The orthogonal antennas currently in use are 3 by 1
meters giving a 6 by 20 degree beamwidth. The
vertical antenna is either 1 by 2 meters for a

20 by 10 degree beamwidth or 2 by 2 meters
resulting in a 10 by 10 degree beamwidth. An
elect¥rically steerable phased array is under devel=-
opment that will be 3 by 3 meters with a circular
beamwidth of 6 degrees.

6. Gain and side lobe . levels is given for a

2 by 2 meter antenna., Ground clutter fences are
used to block any side love energy to 20 degree
above the horizon.

(Last page in Chapter 10)



UHF PROFILER FIELD OBSERVATIONS
Conducted by or in Collaboration With
The Wave Propagation Laboratory

Lake Erie, New York
Grand Canyon
SALT River Program

Pt. Barrow, Alaska

Ft. Huachuca, New Mexico

Aerostat site
Carpenter, Wyoming
Alabama

San Joaguin Valley
Northwest of Denver
Deadhorse, Alaska
Lake Michigan
Boston, Mass.

Cape Race, Newfoundland

San Joagquin Valley

Single instrument
Jan. - Mar. 1990

3 Profilers

Single instrument
March 1990

Single instrument
Sept.-Oct, 1990

Single instrument
Sept.-Oct. 1990

Single instrument
June-August 1990

7 instruments
July-August 1990

6 Profilers
Jan. - Apr. 1991
Single instr.
April 1991

7 Profilers
June-Aug. 1991

2 Profilers
June-Sept 1991

8 Profilers
May-October 1991

Lake effect storms
Obscuration source
study

Arctic Leads exp.
Met. support for
launch/recovery

Boundary layer
research

Rural Ozone
Ozone/air flow
Front Range air
quality study
Arctic Leads exp.
Lake Michigan Ozone

Study

North Atlantic
Regional experiment

California Transport
Study
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Wind Profilers: Applications
and Characteristics

In our second “insider’s look” at wind profiler radars, we'll
examine the functions and characteristics of the hugh-tech
forecasting tools that will soon share the band at 449 MHz.

By Daniel C. Law

National Oceanlc and Atmospheric Administration
Forecast Systems Laboratory
Boulder, CO 80303

707 527 9398

T oI ONE A U AT R A T e S
. Governmen( W nd pmﬂlcr rada yslen ]
“ authorized 1o use 449 MHZ a frequen
by amateur repeaters in-many, paris. of
-In a sequence of two. Invited: am
. engingers give us an lnslde look at j}
“'work, how the deusmn was made {o pyl
449 MHz and what lmpad i any the)

Amateur Radio.

4} way'
: the Office af Radio
the U. Department of

MAY.26.1992 18:37AM P 2

oy

n 1985, the Environmental Research
I Laboratorics of the National Oceanic

and Atmospheric Administration in-
itiated the Wind Profiler Demonstration
Project, a plan to instatl and operate a net-
work of 30 wind profilers in the central US.
The purpose of the project is to assess the
impact of commercially produced wind
profilers on Nationa! Weather Service oper-
ations. The Installation of the profilers at
the sites shown in Fig 1 is how complete.

Development and Applications

Wind profilers arc vertically direcied
Doppler radars that trace their lineage to
fonospheric and meteorologic research
radars. As these radars became more
suphisticated, operators began getting
radar reflections from regions lacking
known ‘‘scatterers’ such as waler, ice,
birds and jnsects. There was 8 lot of specu-
lation as to the source of these **pixies'* or
““ghosts,”’ and it was soon verified that
radars of sufficient sensitivity could detect
backscattered signals from irregularities
produced by variations in air temperature
and humidity, For this reason, profilers are
often referred to as ‘‘clcar-air’’ Doppler
radars,

NOAA's Demonstration Network pro-
filers operate with an experimental authori-
zation at 404.37 MHz (74.2 cm) In the
Metearological Aids band. This frequen-
¢y was selected as a compromise between
considerations such as altitude coverage,
antenna size, system costs and bandwidth
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availability. The National Telecommunica-
tions and Information Administtation
(NTIA) has recently ruled that future
profilers will operate at 449 MHz and that
present experimental operations will be
phased out.

Data from each proflier is sent every six

minutes 1o a computer in the Profiler Con.
trol Center in Boulder, Colorado. Hourly
wind measurements are sent in near real-
time to the National Weather Service Fore.
cast Offices. In addition, the data is used
in numerical models where It is combined
with data from balloon, satellite and air-
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Fig 1—As part of NOAA's Wind Proflier Demonstration Projsct, these sites host
operstional wind profiter radars. When compieted, 30 shes will be on-line.




